In Japan, built-up member composed with light gauge is used for studs of shear wall. Flexural buckling stress of built-up compression member is evaluated by effective slenderness ratio. The effective slenderness ratio of light gauge built-up compression member is proposed for heavy sections; however, it is not verified that it can be adopted in light gauge. In this paper, full scale testing of light gauge built-up members are conducted. From the test results, it is shown that current Standard overestimates the buckling strength. Based on energy equilibrium theory, modified effective slenderness ratio for light gauge built-up member is derived. The validity of the modified effective slenderness ratio is shown with test results.
GENERAL RULES
In Japan, Technical Notification 2 for a Steel Framed Housing (SFH) which is composed with light gauge member was revised in 2001 because technology for manufacturing has developed, and the light gauge members which thickness are from 0.3 mm to 2.3 mm were able to be used as main structures. Also, because Technical Notification 2 was revised, a story limit has been extended up to 4-story and middle-rise building has become possible to build. SFH model and the detail of the shear wall are shown in Fig. 1 . Framing of the shear wall is light gauges and built-up members are used for the vertical members (hereinafter studs). A plaster boards and a structural plywood are screwed to this framing. The builtup compression members are usually composed with two ripped channels of the light gauge members, and these ripped channel members are connected by selfdrilling screws. When a lateral load subjects to SFH, because the shear wall is designed as a cantilever column, overturning moment from the upper stories will subject to the shear wall, and the overturning moment generates a high compressive axial force to the studs (built-up member) of the shear wall. As a result, there is a possibility that the flexural buckling in the un-expected direction occurs at the built-up member after peeling off the panels at ultimate limite state. The occurrence of the flexural buckling leads to the abrupt fall of the vertical bearing. And the increment of total story increases the axial force of the built-up compression member of the shear wall. In a conventional design for a low-rise building, only the safety for the flexural buckling of the full web was considered. However, in the case that the middle-rise building, it is necessary to confirm the safety for the flexural buckling of the open web. In Japan, the flexural buckling stress of the built-up compression member is calculated by using the effective slenderness ratio that specified in the Design Standard for Steel Structure 3 , and this formula can be expressed as follow;
where; λye is the effective slenderness ratio; λy is the slenderness ratio of the builtup member acting on a unit in the buckling direction being considered; λ1 is the slenderness ratio of individual component between connectors; L is the length of the built-up member; iy is the radius of gyration of the whole section; a is the length between connectors; i1 is the radius of gyration of the individual components. This formula is based on Bleich's assumption 4 . However, Bleich's assumption and the effective slenderness ratio were applied for heavy section. Also, a design formula for built-up members in Eurocode 5 is based on Bleich's assumption 4 . From this reason, it is questionable that the formula can be directly applied in the light gauge. Moreover, a bending moment distribution which is applied to Bleich's assumption has not confirmed by testing.
In this paper, to clarify the buckling strength of the light gauge built-up compression member and the bending moment distribution in the components, full-scale tests in elastic range were conducted. The moment distribution was investigated by reading strain gauges. Finally, the energy equilibrium theory was applied, and a modified effective slenderness ratio for the light gauge built-up compression members is derived. The accuracy of the proposed slenderness ratio is confirmed by comparing with test results.
TEST PROGRAM
To confirm the flexural buckling stress of the batten type built-up compression member composed with two ripped channel members (chords) in elastic range, the full-scale testing are conducted. Usually, the batten type light gauge built-up compression member is not used as the studs of the SFH. However, the batten type light gauge built-up compression member is adopted in this study because the moment distribution of the built-up member can be computed by strain gauges reading. Because the thickness is less than 2.3 mm, the buckling modes in elastoplastic range are very complicated. Therefore, to confirm the buckling mode clearly, the target length of the specimen is within a range of elastic. Parameters are a separation between connectors a, a distance between the centroids of the chords h and the length of the member L. Two or three specimens are prepared per a parameter. Fig. 2 shows the cross section of the test specimen and the whole specimens. As shown in Fig. 2 .a, two chords are interconnected by the batten plate by pretension bolts. The chords used in this study are C-89x40x22 (called 89LCN22), and its thickness is 2.2 mm. The batten plates are designed to be remained within the range of elastic when a vertical load reaches the flexural buckling strength. Fig. 2 .b shows samples of the specimens. Material properties are shown in Table 1 . The geometrical dimensions of the built-up compression members is shown in Table 2 . The effective slenderness ratio shown in Table 2 is calculated from Eq. 1.1. To guaranty the flexural buckling of the built-up member, the slenderness ratio for individual component between connectors λ1 is smaller than the slenderness ratio λy. Test setup is shown in Fig. 3 . Both end of the specimen is supported by pin devices that are allowed to rotate only in the buckling direction. The buckling length of the specimen is equal to the length L. The buckling direction is equal to the weak axis of the built-up member. The hydraulic jack is used to apply the axial force at the centroid of the built-up member. Table 2 . Geometrical dimensions of the built-up compression member where: A is the area of the specimens; n is the number of panels (= L/a); i1 is the radius of gyration of individual components; h is the distance between centroids of chords; I is the moment of inertia of the built-up member acting on a unit in the buckling direction being considered Table 3 summarizes the test result. Fig. 4 shows relationships between nondimensional buckling stress and vertical deformation. Fig. 5 shows photographs of the flexural buckling deflection after loading. Firstly, the maximum load of all the specimens are determined by flexural buckling, and the flexural buckling deflection occurred at the maximum load. Torsional buckling or local buckling are not observed before the maximum load. Also, from reading strain gauges at the batten plates, the batten plates were retained within a range of elastic. Therefore, in this paper, the maximum strength is defined as the flexural buckling strength. After the flexural buckling, with the progress of the flexural deflection, the load decreased gradually. And, with the increment of distance between connecters (batten plates), the flexural buckling stress decreased. This effect was caused by reduction of the stiffening of the batten plates.
TEST RESULTS
The distributions of the bending moment at the flexural buckling strength are shown in Fig. 6 . These distributions are calculated by reading strain gauges and equilibrium of the bending moment at each connection. The aspect ratio is changed to confirm the distribution easily, and the bending moment of the batten plates were smaller than that of chords. Therefore, the bending moment of the batten plates are illustrated by ten times larger. The distribution of the bending moment at the chords are mostly single curvature, which is totally different from Bleich's assumption shown in Fig. 6 .b. 
EVALUATION OF FLEXURAL BUCKLING STRESS
The effective slenderness ratio in the Design Standard for Steel Structures is derived from Bleich's assumption shown in Fig. 6 .b. As mentioned in Fig. 6 , the bending moment distribution due to the flexural buckling observed in testing was totally different from Bleich's assumption. Therefore, it can be assumed that difference of the moment distribution leads to inadequate evaluation. Fig. 7 shows the bending moment distribution model due to the flexural buckling. This model is based on the test observation. The purpose of this study is to propose modified effective slenderness ratio proλye for light gauge based on the test observation. In this paper, energy equilibrium theory was used to derive the effective slenderness ratio proλye. Modified effective slenderness ratio for batten type light gauge built-up compression member is derived as follow.
where: V is the strain energy due to the deflection; V1 is the strain energy caused by the axial force Fk in the individual chord; V2 is the strain energy caused by the local bending at the individual chord; V3 is the strain energy caused by the local accumulated at the batten plates; V4 is the strain energy due to the shear force which occurs at bending in the chords; V5 is the strain energy due to the shear force which occurs at bending in the batten plates. Considering a pin-ended column, the deflected axis of the column is assumed as a half sin wave. And, the work done by the external force is expressed by Eq. 4.3.
where: W is the work done by the external force. Pc is the flexural buckling strength; f is the amplitude of the flexural deflection. Based on the energy condition, the work done by the external force W is equal to the strain enegy V.
The bending moment Mall,k at the point
, which is corresponding to the middle point of a panel k-1, is expressed as follow;
The shear force acting on the chord for the same reference point is expressed by Eq. 4.6. Also, the shear force acting on the batten plate of joint k is expressed by Eq. 4.7. where; ζ is the coefficient which decides the amount of the shear force acting on the batten plates.
The bending moment at any joint of the chord member k is expressed as follow; Considering the equilibrium of the bending moments acting on joint from 1 to k, the bending moment at any point of the chord member is expressed as follow;
As the change of the axial force Fk in the between panels points k-1 and k caused by the flexural deflection in the state of the buckling is expressed by Fk = Mk/h, the strain energy V1 is expressed as follow;
By similar procedures, the strain energy are given by Eqs. 4.11-14. where: φ is the modified factor; I0 is the moment of inertia of the built-up member which is computed based on the geometrical shape. Comparison between buckling stress curve and test results are shown in Fig. 8 . The horizontal axis of Fig. 8 .a is based on the effective slenderness ratio Eq. 1.1, and the horizontal axis of Fig. 8 .b is based on the modified effective slenderness ratio Eq. 4.20. Each marks are shown Table 3 . The results evaluated by the effective slenderness ratio based on the Design Standard for Steel Structure are un-conservative results as shown Fig. 8 .a; the buckling stress of the built-up member are overestimated. On the other hand, the results evaluated by the modified effective slenderness ratio get close to the buckling stress curve, and good agreements or improved results were observed. The modified effective slenderness ratio is adequately evaluating the flexural buckling stress of the batten type light gauge built-up member. The modified effective slenderness ratio can apply to the built-up members, which have more than 3 equal interval (the distance between batten plates), composed with light gauge. To guaranty the flexural buckling of the built-up member, the slenderness ratio for individual component between connectors λ1 should be smaller than the slenderness ratio λy. Also, to remain within an elastic range, the modified effective slenderness ratio should be more than 100.
CONCLUSION
In this paper, full-scale testing was conducted to clarify the flexural buckling stress of batten type light gauge built-up member, and the modified effective slenderness ratio based on test observation was proposed. Following results were found. 1. Bending moment distribution at the chords were computed from strain gauges reading, and the distribution was totally different from Bleich's assumption. Although Bleich's assumption was double curvature bending at the chords, single curvature bending was observed from the testing. 2. Un-conservative results were observed from all test results when the flexural buckling stress were evaluated by the Design Standard for Steel Structure. 3. Good agreements or improved results were observed when the flexural buckling stress were evaluated by the modified effective slenderness ratio.
